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@ Electromagnetic induction apparatus with a sound suppressing arrangement.

@ An electromagnetic induction apparatus compris-
ing a tank main body (3) hav'ing a bottom piate (32)
and capable of being placed on a ficor surface (9)
and containing therein an electrical device (1) which
vibrates during operation. The tank main body (3) is
supported by supporting members (7) inserted be-
tween the tank bottom plate (32) and the floor sur-
face (9) to define spaces (10) therebetween. A sound
suppressing member (11, 12, 13, 14) is disposed in
association with the space (10) defined between the
support members (7) and between the tank bottom
plate (32) and the floor surface (9). The sound sup-
pressing member (11, 12, 13, 14) may be a sound
barrier member (11) closing the space (10) defined

wbetween the tank bottom plate (32) and the floor
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surface (9) or a sound suppressing element (12, 13,
14) disposed within the space (10).

FIG. 2
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ELECTROMAGNETIC INDUCTION APPARATUS WITH A SOUND SUPPRESSING ARRANGEMENT

BACKGROUND OF THE INVENTION

This invention relates to an electromagnetic
induction apparatus with a sound suppressing ar-
rangement and, more particularly, to a sound sup-
pressing arrangement for reducing the noise gen-
erated by an eleciromagnetic induction apparatus
such as an electrical transformer.

Fig. 1 is a sectional view showing the conven-
tional electromagnetic induction apparatus of this
kind, in which reference numeral 1 designates an
electrical coil assembly of an electromagnetic in-
duction apparatus; 2 is an electrically insulating oil;
3 is a tank main body in which the coil assembly 1
is housed together with the insulating oil 2; 31 is a
tank side plate constituting one portion of the tank
main body 3; 32 is a tank bottom plate constituting
one portion of the tank main body 3; 4 are reinforc-
ing members for the tank side plate 31; 5 are
sound shield members mounted to the reinforcing
members 4; 6 are heavy objects attached fo the
sound shield members 5; 7 are reinforcing mem-
bers for the tank bottom plate 32; 8 are electrical
bushings connected to the coil assembly 1 moun-
ted on a tank top plate 33; 9 is a floor surface on
which the electromagnetic induction apparatus is
installed, and 10 are spaces defined between the
reinforcing members 7, the tank bottom plate 32
and the floor surface 9.

In this conventional design, the coil assembly 1
of the electromagnetic induction apparatus vibrates
in all vertical and horizontal directions due to elec-
tromagnetic forces during normal operational con-
ditions of the induction apparatus. Such vibrations
are transmitted through the electrical insulating oil
2 to vibrate the tank main body 3, causing noises.

Therefore, in order to reduce noises generated
by the vibration of the tank side plates 31, the
sound absorbing members 5 are mounted to the
reinforcing member 4 aitached to the side plates
31 of the tank main body 3, and heavy objects 6
are additionally attached to the sound absorbing
members 5 to improve the sound absorbing func-
tion of the sound absorbing members 5.

If a conventional electromagnetic induction ap-
paratus with a sound suppressing arrangement is
designed as described above, noises generated
due {o the vibration of the tank side plate 3 can be
effectively reduced by the sound absorbing mem-
bers 5 attached to the tank side plates 3, but
noises generated by the tank bottom plate 32 and
radiated from the space 10 defined between the
reinforcing members 7, the bottom plate 32 and the
floor surface 9 cannot be effectively reduced.
Therefore, it has been necessary to provide a large
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scale sound insulating arrangement such as a
sound shield wall or the like around the induction
apparatus in order to effectively reduce the noise
of the conventional electromagnetic induction ap-
paratus.

SUMMARY OF THE INVENTION

This invention has been made in order to solve
the above-mentioned problems of the conventional
electromagnetic induction apparatus, and accord-
ingly one object of the present invention is fo
provide an electromagnetic induction apparatus in
which any noise generated by the vibrating induc-
tion device is effectively suppressed.

Another object of the present invention is to
provide an electromagnetic induction apparaius
with a sound suppressing arrangement in which
any noise generated by the vibration of the tank
bottom plate and radiated from the spaces formed
between the reinforcing members, the bottom plate
and the floor surface is significantly suppressed,
too.

Still another object of the present invention is
to provide an electromagnetic induction apparatus
with a sound suppressing arrangement in which
any noise generated by the vibration of the tank
bottom plate is insulated.

A further object of the present invention is to
provide an electromagnetic induction apparatus
with a sound suppressing arrangement in which
any noise generated by the vibration of the tank
bottom plate is absorbed.

With the above objects in view, the electromag-
netic induction apparatus with a sound suppressing
arrangement of the present invention comprises a
tank main body having a botiom plate and capable
of being placed on a floor surface and containing
therein an electrical device which vibrates during
operation. The tank main body is supported by
supporting members inserted between the tank
bottom plate and the floor surface to define spaces
therebetween, and a sound suppressing member is
disposed in association with the space defined
between the support members and between the
tank bottom plate and the floor surface. The sound
suppressing member may be a sound barrier
member closing the space defined between the
tank bottom plate and the floor surface or a sound
absorbing or suppressing element disposed within
the space.

By the sound shielding member or the sound
suppressing element of the present invention, any
noise generated in the space defined between the
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reinforcing members and the floor surface is di-
rectly insulated or suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more readily
apparent from the following detailed description of
the preferred embodiments of the present invention
taken in conjunction with the accompanying draw-
ings, in which:

Fig. 1 is a sectional view showing the con-
ventional electromagnetic induction apparatus to
which the present invention can be applied;

Fig. 2 is an exploded fragmental perspective
view of the electromagnetic induction apparatus
with the sound shield of one embodiment of the
present invention;

Fig. 3 is a fragmental perspective view of the
sound shield shown in Fig. 2 attached to the elec-
tromagnetic induction apparatus;

Fig. 4 is a schematic sectional view taken
along line IV-IV of Fig. 3 useful for explaining the
operation of this invention;

Fig. 5 is an exploded fragmental perspective
view showing the electromagnetic induction ap-
paratus with the sound shield of another embodi-
ment of the present invention;

Fig. 6 is a fragmental perspective view of the
sound shield shown in Fig. 5 attached to the elec-
tromagnetic induction apparatus;

Fig. 7 is a schematic sectional view taken
along line VII-VII of Fig. 6 useful for explaining the
operation of this invention;

Fig. 8 is an acoustic circuit diagram useful
for explaining the operation of this invention;

Fig. 9 is an exploded fragmental perspective
view showing the electromagnetic induction ap-
paratus with the sound absorbing elements of an
embodiment of the present invention;

Fig. 10 is a fragmental perspective view of
the sound absorbing elements shown in Fig. 9
assembled into the electromagnetic induction ap-
paratus;

Fig. 11 is an exploded fragmental perspec-
tive view showing the electromagnetic induction
apparatus with the sound absorbing elements of
another embodiment of the present invention; and

Fig. 12 is a fragmental perspective view of
the electromagnetic induction apparatus with sound
absorbing elements shown in Fig. 11 assembled
into the electromagnetic induction apparatus.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS
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Figs. 2 to 4 illustrate an electromagnetic induc-
tion apparatus with a sound suppressing arrange-
ment according to the present invention. I is seen
that only a lower portion of the electromagnetic
induction apparatus is illustrated for the simplisity
of explanation. The other portion of the electromag-
netic induction apparatus not illustrated in Figs. 2
to 4 is the same as that shown in Fig. 1 and
accordingly, the illustrated electrical induction ap-
paratus is an electrical transformer having an elec-
trical coil assembly similar to the coil assembly 1
shown in Fig. 1.

The electromagnetic induction apparatus com-
prises a tank main body 3 having side walls 31, a
bottom walt 32 and a top wall 33 (Fig. 1). The tank
main body 3 contains therein an electrically insulat-
ing oil 2 and an electrical device such as an
electrical coil assembly 1 immersed in the insulat-
ing oil 2 and vibrating during operation.

In order to support the tank main body 3 from
the floor surface 8, three supporting members 7
are inserted between the tank bottom wall 32 and
the floor surface 9 to provide spaces 10 defined
between the support members 7 and between the
tank bottom wall 32 and the floor surface 9. In a
preferred embodiment, the support members 7 are
box-like or block-like members attached to the out-
er (lower) surface of the tank bottom wall 32.

According to the present invention, the elec-
tromagnetic induction apparatus comprises a sound
barrier member 11 disposed in association with the
spaces 10 defined between the support members 7
and between the tank bottom wall 32 and the floor
surface 9. In the illusirated embodiemnt, the sound
barrier member 11 is an elongated plate which is
secured by welding for example at its upper side
edge to the tank side wall 31 to close the spaces
10 against the exterior as best shown in Figs. 3
and 4.

With the sound suppressing arrangement as
above described, any noise generated by the vibra-
tion of the tank bottom plate 32 due to the vibration
of the coil assembly 1 within the tank propagates in
the space 10 as shown by arrows and is shielded
and confined by the sound barrier member 11
within the spaces 10, so that the leakage of the
noise to the exterior from the spaces 10 formed
between the tank bottom plate 32 and the floor
surface 9 is or significantly reduced.

While this embodiment shown in Figs. 2 to 4
employs the sound barrier members 11 by which
the noise generated by the tank bottom wall 32 is
shielded and confined by the sound shielding
members 11 mounted to the tank bottom plate 32
or the tank side plate 31 in the vicinity of the tank
bottom plate 32 to close the spaces 10 below the
tank bottom wall 32, a similar sound suppressing
effect can also be obtained by inserting a sound
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absorbing element into the spaces 10 defined be-
fween the support members 7 and between the
tank bottom wall 32 and the floor surface 9.

Figs. 5 to 8 illustrate one of such embodiments
in which a sound absorbing material 12 in the form
of a block of asbestos is inserted into each space
10 defined between the tank bottom wall 32 and
the floor surface 9.

Referring to Figs. 7 and 8, it is now assumed
that the cross-sectional area of the outlet of the
space 10 to the outside of the electromagnetic
induction apparatus is 8¢ and that the area of the
surface of the tank botiom wall 32 exposed to the
space 10 is Sz as shown in Fig. 7. If an acoustic
circuit is considered, then a constant flow sound
source circuit as shown in Fig. 8 is obtained since
the tank bottom wall has a very large impedance.
More particularly, in an equivalent circuit as shown
in Fig. 8, a radiation impedance r. of the outlet
cross-sectional area S1 of the space 10 and a
radiation impedance rz of surface area S; of the
tank bottom wall 32 are connected in series with an
acoustic source U, and an acoustic capacitance C
of the space 10 and a resistance r3 of the sound
absorbing material 12 are connected in parallel io
the impedance 1.

With the structure of the above arrangement,
since the resistance r; is connected in parallel with
the radiation impedance ri, the resultant imped-
ance of r1 and r2 and the acoustic capacitance C is
smaller than that when there is no resistance rs,
whereby the sound level at the point X or the noise
radiated from the space outlet of the area S is
decreased.

Also, depending upon the frequency of the
sound generated by the vibrating bottom wall 32,
when the distance between the bottom surface of
the tank bottom wall 32 and the floor surface 9
exceeds a certain value, the space 10 can resonate
with the vibration of the tank bottom plate 32,
causing the generated noise to become much larg-
er than that when no resonance occurs. Under
such circumstances, the noise can be reduced by
inserting a structural member 13 such as shown in
Figs. 9 and 10 into each of the spaces 10 formed
between the support members 7 and under the
tank bottom wall 32. The structural slement 13 has
three vertical rectangular plates 13a and one hori-
zontal rectangular plate 13b supported at the cen-
ter of the vertical plates 13a to provide a cross-
sectional shape of a monogram composed of an
"H" and an "I" crossing the horizontal leg of "H".
The distance of the horizontal plate 13b relative to
the tank botfom wall 32 is selected so that no
resonace occurs when it is inserted into the space
10. The structurai element 13 may preferably be
attached to the tank bottom wall 32.

The configuration of the structural member 13

10

15

20

25

30

35

40

45

50

55

is not limited to the illustrated configuration and
many modifications can be resorted to as long as
the space 10 can be changed to have dimensions
and configuration with which no resonance phe-
nomenon occurs. Figs. 11 and 12 illusiraie one of
such modifications in which a structural member 14
comprises a plurality of rectanguiar plates 14a ar-
ranged in a plane perpendicular to the longitudinal
direction of the structurai member 14 and a hori-
zontal plate 14b supported by the plates 14a. The
horizontal plate 14b is positioned to prevent any
resonance within the space 10. it is seen that the
vertical plates 14a close the space 10.

As has been described, the sound absorbing
arrangement for an electromagnetic induction ap-
paratus according to the present invention can sup-
press any noise generated in the space formed
between the tank bottom plate reinforcing members
and the floor surface with a simple structure with-
out employing a large scale sound insulating fa-
cility such as a sound insulating wall by shielding
the above space with a sound shielding member or
by disposing a sound supressing element into the
space.

Claims

1. An electromagnetic induction apparatus with
a sound suppressing arrangement comprising:

a tank main body (3) having a tank bottom plate
(32) and capable of being placed on a floor surface
(9) and containing an electrical device (1) which
vibrates during operation;

supporting members (7) attached to the outer sur-
face of the tank bottom plate (32) with spaces (10)
defined between the support members {(7) and be-
tween the tank bottom plate (32) and the floor
surface (9); and

sound suppressing means (11, 12, 13, 14) dis-
posed in association with the space (10) defined
between the support members (7) and between the
tank bottom plate (32) and the floor surface (9).

2. The electromagnetic induction apparatus as
claimed in claim 1, wherein the sound suppressing
means (11, 12, 13, 14) comprises a sound barrier
member (11) closing the space (10) defined be-
tween the tank bottom plate (32) and the floor
surface (9).

3. The electromagnetic induction apparatus as
claimed in claim 2, wherein the sound barrier mem-
ber (11) comprises a shield plate attached to the
tank main body (3).

4. The electromagnetic induction apparatus as
claimed in any of claims 1 to 3, wherein the sound
suppressing means (11, 12, 13, 14) comprises a
sound absorbing element (12, 13, 14) disposed
within the space (10).
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5. The electromagnetic induction apparatus as
claimed in any of claims 1 to 4, wherein the sound
suppressing means (11, 12, 13, 14) comprises
sound suppressing means (12, 13, 14) for changing
the dimension of the space so that no resonance 5
occurs within the space (10).

6. The electromagnetic induction apparatus as
claimed in any of claims 1 to 5, wherein the dimen-
sion changing means (12, 13, 14) comprise a hori-
zontal plate (12, 13b, 14b) positioned in the space 70
(10) to prevent any resonance of sound within the
space (10).

7. The electromagnetic induction apparatus ac-
cording to any of claims 1 to 6, wherein the sound
suppressing means (11, 12, 13, 14) comprise grid- 15
like or ladder-shaped elements (13, 14) having a
horizontal plate (13b, 14b) essentially parallel to the
floor surface (9) and a plurality of vertical plates
(13a, 14a) attached to the horizontal plate (13b,
14b), wherein the grid-like or ladder-shaped ele- 20
ments (13, 14) are inserted into the respective
spaces (10).
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